This study evaluated the complications following free flap surgery for cancer of the head and neck, assessed factors associated with the complications, and analyzed the impact of the complications on outcome.
Introduction
Postoperative complications frequently occur after major head and neck surgery with free flap repair, with the reported complication rate ranging between 34% and 85%. [1] [2] [3] [4] [5] Several variables are associated with an increased risk for postoperative complications in this patient group, including smoking, advanced age, ASA class (American Society of Anesthesiologists risk classification) and excessive fluid management. 2, [6] [7] However, previous studies have not reported complications in detail, and there are different ways to classify complications, making it difficult to compare different studies. Moreover, the impact of postoperative complications on recovery, hospital length of stay (LOS), oncological treatment plan and outcome remains unclear. 1, 5, [8] [9] [10] Because the rate of postoperative complications in this patient group is relatively high, patient selection, prognosis and the true cost of microvascular surgery continue to be discussed. 1, 7 Accordingly, we aimed to evaluate the onset and distribution of surgical complications and their impact on postoperative recovery and outcome in a cohort of patients who underwent major head and neck surgery with free flap repair. Specifically, we aimed to evaluate pre-and perioperative factors related to complications and their impact on hospital LOS and survival.
Materials and methods

Setting
This retrospective registry study was conducted at Oulu University Hospital, which is a university hospital that provides tertiary-level care for 750 000 inhabitants in Northern Finland. All of the analyzed data was collected for clinical or administrative purposes. The study was approved by the hospital administration and by the local ethics committee (The Regional Ethics Committee of the Northern Ostrobothnia Hospital, 95/2016).
Patients and inclusion criteria
All of the patients who underwent surgery due to cancer of the head and neck with free flap repair in 2008-2015 at Oulu University Hospital were screened for inclusion in the study by reviewing the operation records of the head and neck surgery unit. During study period, a total of 156 free flap operations were performed. Of these, 3 involved non-malignant tumors, 12 were reoperations due to flap failures, 2 patients were operated due to traumatic injury and 3 cases had inadequate data; thus, 136 patients were included in the study.
Data extraction
The data were collected from the medical records, anesthesia charts, laboratory results, radiological statements and ICU (intensive care unit) database (Centricity Critical Care Clinisoft, GE Healthcare). The data included tumor data; patient demographic information, including intraoperative variables; postoperative ICU data; and postoperative surgical ward data recorded during the hospital stay. The hospital LOS was calculated as the time from the day of surgery until discharge. The data were collected using structured forms and then digitalized. The Population Register Centre of Finland provided data concerning the dates of deaths of the non-survivors.
Survival was followed until April 30, 2017.
Complications
The postoperative complications that were recorded by the treating physicians were extracted from the medical records. The analysis included all postoperative complications during the hospital stay, both surgical and medical, as well as those that occurred within the 30 days after hospital discharge.
Surgical complications included surgical site infection, surgical site hematoma, the need for reoperation, partial flap failure and total flap failure. Medical complications included pneumonia, myocardial infarction, sepsis, acute kidney injury (AKI), stroke, pulmonary embolism, deep venous thrombosis and pulmonary edema. Complication onset was determined with an accuracy of one day. Complications were categorized as early complications i.e. onset 1-4 days postoperatively or as late complications i.e. onset more than 4 days postoperatively.
Statistical analysis
The data were analyzed using SPSS for Windows (IBM Corp., 2013; IBM SPSS Statistics for Windows, Version 22.0. Armonk, NY, USA). Categorical variables are presented as absolute numbers (n) and percentages (%) and were compared using the Pearson chi-square test.
Continuous variables are presented as medians with 25 th and 75 th percentiles [25 th -75 th PCT] and were analyzed using the non-parametric Mann-Whitney test. Kaplan-Meier survival curves were drawn to analyze the long-term mortality. A p-value less than 0.05 was considered statistically significant.
Results
A median of 16 (range 8-29) operations were performed annually from 2008 to 2015. The median age of the study population was 65 years, and 75 (55%) were male. The majority of patients were recorded as ASA class 3-4 (54%, n=73) and received postoperative treatment in the ICU (98%, n=133). ( Table 1 ). The median follow-up time was 26 [14-51] months.
Complications
A total of 86 (63.2%) of the 136 patients had at least one postoperative complication. The percentage of patients with medical complications was 37.5% (n=51), and the percentage of patients with surgical complications was 47.1% (n=64); 21.3% (n=29) of the patients had both medical and surgical complications.
The most common medical complication was pneumonia (51%) and the most common surgical complication was surgical site infection (49%) ( (Table 3) . readmissions, as well as N-stage 3, were more frequent in those who died within one year (Table   4 ).
Patients with late complications had higher mortality than patients without late complications ( Fig. 1 ), but there was no difference in mortality between those with versus without early complications (data not shown).
Discussion
To our knowledge, this is the first study focusing on the impact and onset of complications on patient postoperative course and outcome in patients who underwent free flap surgery for cancer of the head and neck. The main finding of the present study was that more than half of the patients had postoperative complications. Patients with complications had a higher rate of alcohol abuse, hypoalbuminemia and T4 tumors, a more complicated intraoperative course and more frequently underwent fibular free flap reconstruction. Late complications were associated with poor long-term outcome and with significantly worse survival which were often the result of early complications.
The complication rate in our study, 63.2%, was higher than that in some previous studies, which reported complication rates between 40% and 53%. This might be explained by differences in how the complications were recorded. 2, 8, 9, 11 We did not categorize the complications as severe versus non-severe. Instead, we were interested in the timing of complication onset and aimed to record each complication that might possibly affect patient postoperative course and recovery.
Moreover, there is a lack of standardization in the classification of postoperative complications after free flap surgery for cancer of the head and neck. The classification and the definitions of complications varies in previous studies (major vs. minor; surgical vs. medical; mild vs. moderate vs. severe); this makes it difficult to compare outcomes and risk factors for possible poor outcomes. There is also continued debate about the use of grading systems that are commonly used for postoperative complications in other fields of surgery. 1, 2, 5, 8, 9 In the present study, we used a simple classification for medical and surgical complications that could be reliably used in our retrospective review of medical records. The present study was performed in a low volume center, with median annual operation rate of 16. In the previous studies the annual operation rate has varied between 14-38. 3, 7, 8 However, the annual complication rate cannot be explained by this due to heterogeneity of the classification of the complications. Also Klosterman et al did not find differences in complication rates between low-volume and high-volume centers. 3 Previous studies have found that smoking, comorbidity and advanced age are potential risk factors for postoperative complications after free flap surgery for cancer of the head and neck . 2, 6, 7 In our study, we did not find a significant correlation between these factors and complications.
The high proportion of smokers (41%) in our population may explain the difficulty to show the possible impact of smoking on complications. The majority of the patients in this study were recorded as ASA 3-4, but we did not find that this had a significant effect on postoperative complications (p=0.084). However, the fibular free flap method was associated with complications (p=0.010). Further, previous studies found that free flaps with bone or composite flaps are associated with postoperative complications. 1, 18 Microvascular surgery with bone flap is a technically more demanding procedure compared to surgery with soft tissue flaps. According to our results, the duration of the operation is longer and blood loss during resection is usually higher. This is in line with the results of Mücke et al. 18 Moreover, in the present study, fibula free flap was more frequent in patients with extensive disease. All these influence postoperative complications and outcome. The surgical insult of major procedures evokes an inflammatory response in patients and contributes to the development of postoperative infectious complications. 12 In the present study, 97.8% of the patients were admitted to the ICU for immediate postoperative care. The median ICU LOS was less than 24 hours, and most of the complications were recorded after ICU discharge. There is no consensus regarding the need for postoperative management in the ICU after free flap surgery of the head and neck. In major abdominal surgery, it is essential to accurately assess the need for postoperative ICU management to ensure highquality patient care, since this could improve outcomes. 13 Although the high cost of routine postoperative ICU care is a concern 14,15 , the present results still suggest that in certain cases (alcohol abuse, use of a free flap with bone, high intraoperative blood loss), planning for a longer ICU stay and better monitoring after ICU discharge could help prevent early medical complications.
In our study, complications prolonged the median hospital LOS 6 days. Alcohol abuse and pulmonary problems can lead to postoperative medical complications, which are known to be an important factor in increasing the true costs after microsurgical reconstruction for cancer of the head and neck. 7 Early mobilization and respiratory physiotherapy intervention may be essential for reducing the high rate of postoperative pneumonia after free flap surgery.
The reported impact of postoperative complications on survival and mortality after free flap surgery for cancer of the head and neck has varied in previous studies. 5, 16, 17 Unlike the present study, the recent prospective trial by McMahon et al. did not analyze the onset of complications on outcome. 17 Here we reported the significant effect of late complications on mortality, which has not been analyzed before. Medical complications, more advanced cancer (N-score >2) and readmission to ICU were all associated with worsened one-year survival. Patients with complications had also significantly higher five-year mortality compared to patients without complications. Our results showed that all postoperative complications had a negative effect on outcome and survival after free flap surgery for cancer of the head and neck.
Limitations
This study had some limitations due its retrospective design and the relatively small number of patients. Alcohol abuse was more frequently found in patients with complications. Due to retrospective design we were not able to use validated methods, such as AUDIT to determine the alcohol consumption habits of the study population and alcohol abuse was retrieved from the patients' medical history. This should be noted when interpreting the results. Nevertheless, this study population represents an unselected cohort of patients with head and neck cancer who underwent resection of a malignant tumor using free flap surgery. In this study setting, we were only able to show an association of early complications with late complications, which significantly increased hospital LOS and worsened survival. Showing a robust causal effect would require a prospective study and adjustment of perioperative factors. However, we found a higher rate of late complications in patients with early complications. We were not able to analyze the medical complications as risk factors for surgical complications or vice versa due to the limited number of patients. The role of early complications should be studied in a large, prospective multicenter study to identify the origin of the complications and to determine whether they are patient-or procedure-related.
Clinical impact
The present results suggest that there should be a greater focus on preventing early 
